CIRCUIT AND METHOD FOR MEASURING AND FORCING 
AN INTERNAL VOLTAGE OF AN INTEGRATED CIRCUIT 

Technical Field of the Invention 
5 The present invention relates generally to electronic circuits and in particular 

the present invention relates to a circuit and method for measuring and forcing an 
internal voltage of an integrated circuit. 

Background of the Invention 

10 Integrated circuits comprise a collection of transistors and other semiconductor 

devices interconnected on a semiconductor substrate. During production, an 
integrated circuit is encapsulated, for example, in a plastic body. Further, a 
passivation layer comprising silicon dioxide, for example, may be formed on the 
integrated circuit prior to encapsulation to protect the junctions and surfaces of the 

15 semiconductor devices of the integrated circuit from harmful environments. The 

integrated circuit interfaces with other components of a system via a number of metal 
pins that extend from the plastic body. The pins provide electrical connection to 
various internal points or nodes in the integrated circuit. Typically, many internal 
nodes in the circuit that can impact the performance of the integrated circuit are not 

20 connected to a pin. 

For example, the substrate voltage is a measurable quantity that can affect the 
operation of an integrated circuit such as a refresh operation in a dynamic random 
access memory. However, the substrate voltage is not typically provided at a pin of 
the integrated circuit. If a problem is suspected with the substrate voltage once the 

25 integrated circuit is packaged or passivated, an engineer must remove at least a 
portion of the plastic casing or passivation layer or both and place a probe at the 
proper node to determine the voltage. Based on the measurement, process parameters 
may be adjusted for further production. However, this procedure is time consuming 
and subject to the accuracy of the set up of the testing equipment. 
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For the reSons stated above, and for other reason^tated below which will 
become apparent to those skilled in the art upon reading and understanding the 
present specification, there is a need in the art for a circuit and method for measuring 
and forcing an internal voltage in an integrated circuit without having to remove 
5 either the plastic body or the passivation layer. 

Summary of the Invention 
The above mentioned problems with measuring internal voltages in an 
integrated circuit and other problems are addressed by the present invention and 

10 which will be understood by reading and studying the following specification. A 
circuit is described which measures voltages at internal nodes of an integrated circuit 
without removing a plastic body or a passivation layer. 

In particular, the present invention describes a circuit for reading a voltage at 
a node of an integrated circuit. The circuit comprises a pass circuit that has an input 

15 coupled to the node of the integrated circuit. The circuit provides a measurement of 
the voltage at the node as an output to a pin. A reset circuit is coupled to the pass 
circuit and is operable to activate and reset the pass circuit. Finally, a pass control 
circuit is coupled to provide an output signal to the pass circuit that drives the pass 
circuit when active to pass the voltage at the node to the pin. The circuit can also 

20 force the voltage at the node of the integrated circuit by applying a voltage to the 
pin. 

Brief Description of the Drawings 
Figure 1 is a block diagram of an embodiment of the present invention; 
Figure 2 is a schematic diagram of an embodiment of a read circuit for use in 
25 the block diagram of Figure 1 ; 

Figures 3A through 3F are timing diagrams illustrating the operation of the 
embodiment of Figure 2; 

Figure 4 is a schematic diagram of another embodiment of a read circuit for 
use with the block diagram of Figure 1 ; and 
30 Figure 5A through 5J are timing diagrams illustrating the operation of the 

embodiment of Figure 4. 



Detailed Description of the Invention 
In the following detailed description of the illustrative embodiments, 
reference is made to the accompanying drawings which form a part hereof, and in 
which is shown by way of illustration specific illustrative embodiments in which the 
invention may be practiced. These embodiments are described in sufficient detail to 
enable those skilled in the art to practice the invention, and it is to be understood that 
other embodiments may be utilized and that logical, mechanical and electrical 
changes may be made without departing from the spirit and scope of the present 
invention. The following detailed description is, therefore, not to be taken in a 
limiting sense. 

Figure 1 is a block diagram of an illustrative embodiment of the present 
invention. Read circuit 10 is formed as a part of integrated circuit 12 on the same 
substrate with voltage source 14 and functional circuit 18. Although voltage source 
14, read circuit 10 and functional circuit 18 are shown in separate locations of 
integrated circuit 12 in the embodiment of Figure 1, in other embodiments, 
components of read circuit 10 and voltage source 14 are intermingled with 
components of functional circuit 18 to conserve surface area on the substrate of 
integrated circuit 12 using techniques that are well known in the art. Voltage source 
14 is coupled to functional circuit 18 and to read circuit 10. Functional circuit 18 is 
coupled to input/output pins 16 and 20. Further, read circuit 10 is also coupled to 
input/output pin 16. Functional circuit 18 may comprise, for example, a 
microprocessor, a memory device such as a dynamic random access memory, or a 
static random access memory or other typical integrated circuit. In other 
embodiments, integrated circuit 12 may also include more than one read circuit 
coupled to other voltage sources. 

In operation, read circuit 10 is operable to provide two functions. First, read 
circuit 10 can measure a voltage output by voltage source 14 and pass this voltage to 
input/output pin 16. This is referred to as "read mode." Alternatively, read circuit 
10 can receive a voltage at input/output pin 16 and force the voltage of voltage 
source 14 to a desired level. This is referred to as "force mode." Read circuit 10 



also may be isolated from input/output pin 16 so as to allow functional circuit 18 to 
use input/output pin 16. The circuits of Figures 2 and 4 illustrate embodiments of 
read circuit 10 and the read mode of each is described below. The circuits are not 
limited to just reading a voltage. The circuits also operate in a "force mode." A 
5 person of ordinary skill in the art will understand that the circuits enter force mode 
by providing an input voltage at the pin of integrated circuit 12 and then operating 
the circuit in the same manner as described for read mode. 

Figure 2 is a block diagram of a read circuit, indicated generally at 110, that 
reads a voltage in integrated circuit 12. Advantageously, circuit 110 measures and 
10 forces negative voltages such as a substrate voltage, V^, at node 1 14 using pin 1 16. 
In further embodiments node 1 14 is coupled to other appropriate points or nodes in 
integrated circuit 12 which are not normally coupled directly to an input/output pin 
20 of integrated circuit 12. 

Circuit 110 comprises three main components delineated by broken lines 
15 surrounding electrical circuitry: pass circuit 118, pass control circuit 120 and reset 
circuit 122. Pass circuit 118 comprises n-channel MOS transistor 124 that is coupled 
to pass the voltage at node 114 to output pin 116 in response to signals from reset 
circuit 122 and pass control circuit 120. A gate of transistor 124 is coupled to 
receive a control signal from pass control circuit 120. A source of transistor 124 is 
20 coupled to output pin 116 and a drain of transistor 124 is coupled to node 126. 

Reset circuit 122 comprises n-channel MOS transistor 128 and p-channel 
MOS transistor 130 that are coupled to prevent pass circuit 118 from passing a 
voltage to pin 116 in response to signals from pass control circuit 120. Transistor 
128 includes a source that is coupled to ground potential. Further, a gate of 
25 transistor 128 is coupled to node 132. A drain of transistor 130 is coupled to a drain 
of transistor 128. A source of transistor 130 is coupled to node 126 and a gate of 
transistor 130 is coupled to node 134. Finally, a substrate of transistor 130 is 
coupled to power supply voltage, V cc . 

P^ss control circuit 120 produces control signals to activate read circuit 1 18 to 



30 pass 'a voltkge to output pin 1 16. Pass control circuit 120 comprises first and second 



^/n-channel MOS transistors 136 and 138, p-channel transistor 140, and inverter 142. 
iVerter 142 is coupled between an input signal, labelled READ, from a test signal 
generator on integrated circuit 12 and node 132. The READ signal is also provided 
to read circuit 1 18 at the gate of transistor 124. A gate of transistor 140 and a gate 
5 of trarisistor 138 are coupled to node 132. A source and substrate of transistor 140 
are coupNed to the supply voltage, V cc . A drain of transistor 140, a drain of 
transistor\38 and a gate of transistor 136 are coupled together at node 134. A 
source of transistor 136 is coupled to node 126. Finally, a source of transistor 138 is 
coupled to a d\ain of transistor 136 at node 114. Node 114 also receives the voltage 

10 to be read by circuit 1 10. 

In operation, circuit 110 passes the voltage at node 1 14 to output pin 1 16. 
Figures 3A through 3F are timing diagrams that show voltage levels of identified 
nodes in circuit 1 10 as a function of time. At time t„ the READ signal is brought 
to a high logic level such as 5 volts, for example. In response, transistor 124 turns 

15 "on". Further, inverter 142 forces node 132 to ground potential thus turning "off 
transistors 128 and 138 and turning on transistor 140. It is noted that a transistor is 
"on" if a voltage is applied to the gate that creates a conduction channel between 
source and drain of the transistor. Otherwise, the transistor is said to be "off." With 
transistor 140 on, node 134 reaches the supply voltage, Vcc, which tams on transistor 

20 136. Thus, the voltage at node 1 14 is passed to node 126 by transistor 136 and from 
node 126 to output pin 116 by transistor 124. It is noted that the voltage at node 134 
also turns off transistor 130 and assures that there will be no leakage path through 

transistors 128 and 130. 

Circuit 110 also allows pass circuit 118 to be deactivated and isolated from 

25 pin 116. At time t 2 , the READ signal is brought to a low logic level of 

approximately zero volts thus turning off pass gate 124. Inverter 142 forces node 
132 to a high logic level which turns off transistor 140 and turns on transistors 128 
and 138. Further, transistor 138 forces node 134 to the level of the voltage at node 
114, e.g. v bb , which may be on the order of -1 volts. The negative voltage at node 

30 134 further turns on transistor 130 and turns off transistor 136. Since transistor 136 
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is off, transistors 128 and 130 can pull node 126 to ground without fighting transistor 
136 thus isolating circuit 110 from output pin 116. 

Figure 4 is a block diagram of a read circuit, indicated generally at 210, that 
reads a voltage in integrated circuit 12 at node 214. Advantageously, circuit 210 
5 reads a high positive voltage such as, for example, the voltage V CCP . Circuit 210 
comprises three main components: pass circuit 218, pass control circuit 220 and reset 
circuit 222. Pass circuit 218 comprises n-channel transistor 224 coupled to pass a 
voltage from node 214 to output pin 216. A gate of transistor 224 is coupled to node 
226 through which transistor 224 receives control signals from reset circuit 222. 
10 Capacitor-coupled transistor 228 is coupled between node 226 and node 230. 

Pass control circuit 220 comprises a ring oscillator or other appropriate circuit 
O for creating an oscillating output signal at node 230. For example, pass control 

5 circuit 220 comprises inverter 232, NOR-gate 234, and inverters 236a through 236d. 

ffi Inverter 132 is coupled to a first input of NOR-gate 234 at node 233. Inverters 236a 

W 15 through 236d are coupled in series to an output of NOR-gate 234. An output of 

inverter 236d is coupled to a second input of NOR-gate 234. The number of 
inverters used in pass control circuit 220 can be varied as necessary for an 
application so long as the output of pass control circuit 220 provides an oscillating 
signal at node 230. Pass control circuit 220 receives a READ signal at an input to 
20 inverter 232 to initiate the oscillating output of pass control circuit 220. 

Reset circuit 222 is operable to prevent pass circuit 218 from passing a 
voltage to output pin 216. Reset circuit 222 comprises NAND-gate 238 that receives 
the inverted READ signal of node 233 at one input and a RESET signal at a second 
input. The READ and RESET signals are produced by a test signal generator on 
25 integrated circuit 12. The output of NAND-gate 238 is coupled to inverter 240. 

Inverter 240 is coupled to a gate of transistor 242 at node 244. Inverter 246 receives 
the READ signal at its input and is coupled at the output to a drain of transistor 242 
at node 248. A source of transistor 242 is coupled to pass circuit 218 at node 226. 
A drain of a second transistor 250 is coupled to node 226. A source of transistor 
30 250 is coupled to ground potential. NOR-gate 252 is coupled at its output to a gate 



of transistor 250 at node 254. The RESET signal is coupled to a first input to NOR- 
gate 252. A second input to NOR-gate 252 receives the READ signal. 

In operation, circuit 210 is operable to read a voltage at node 214 and provide 
the output at output pin 216. The operation of circuit 210 can be divided into three 
parts based on the values of the READ and RESET signals. 

At time t, in Figures 5A through 5J, the READ signal is set to a low logic 
level of approximately ground potential and the RESET signal is set to a high logic 
level of, for example, 5 volts. Inverter 232 sets node 233 at a high logic level such 
that the output of pass control circuit 220 at node 230 is maintained at a low logic 
level. In this state, NOR-gate 252 outputs a low logic level at node 254 and thus 
transistor 250 is turned off. Further, transistor 242 is turned on by a high logic value 
at node 244 and a high logic value at node 248. Thus, node 226 is precharged to the 
supply voltage, V cc , less the threshold voltage, V x . 

At time t 2 , the voltage at node 214 can be read by bringing the READ signal 
to a high logic level while maintaining the RESET signal at a high logic level. At 
this time, node 244 is reduced to a low logic level and transistor 242 is turned off 
isolating reset circuit 222 from pass circuit 218. Inverter 232 produces a low logic 
level at node 233 which starts the output of pass control circuit 220 at node 230 to 
oscillate. As is well known in the art, the charge on a capacitor cannot change 
instantaneously, so node 226 follows the oscillation of node 230. The peak voltage 
on node 226 is higher than V CCP by at least one V T , thus the full value of is 
passed to pin 216 by transistor 224. 
S^q>!^ At time t 3 , pin 216 is isolated from circuit 210. The READ and RESET 
signals aAboth taken to ground potential. Node 233 returns to a high logic level 
and the output of pass control circuit 220 ceases to oscillate at node 230. Further, 
node 244 sta\ at ground potential and transistor 242 stays off. Node 254 goes to a 
high logic levelVirning on transistor 250 and bringing node 226 to a low logic level 
so as to turn off trWisistor 224 and isolate circuit 210 from pin 216. Once isolated, 
node 1 16 is allowed \) float and decays over time as shown in Figure 5 J. 
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Conclusion 

By incorporating circuit 1 10, circuit 210 or both onto the same substrate as 
integrated circuit 12, it is possible to accurately measure or force internal voltages of 
an integrated circuit without the time consuming process of removing the packaging 
5 or passivation layer or both. Thus, engineers can easily monitor the output of a 
fabrication line and make adjustments as necessary to assure that specifications for 
the internal voltages are being met. For example, in production of dynamic random 
access memory (DRAM) device, engineers can monitor both V bb and V CCP to assure 
compliance with specifications. During a production run, a number of DRAMs are 
10 fabricated that include either circuit 110, circuit 210 or an equivalent. The engineer 
selects at least one of the DRAMs to test the voltage at the node such as V bb or V ccp 
or both. If the values are not acceptable, the engineer can adjust process parameters 
to correct the error so that future integrated circuits produced on the line will 
function properly. 

15 Further, engineers can use circuit 1 10 or 210 to determine an a acceptable 

operating voltage for the internal node. First, an integrated circuit is fabricated that 
includes a functional circuit and the read circuit. The engineer selects a voltage for 
the internal node and applies the voltage to the pin. The read circuit forces this 
voltage on the node of the integrated circuit. The engineer can then test the 

20 functional circuit to assess its operation with the forced voltage on the node. Based 
on the tests, the engineer can adjust the voltage forced on the node until the 
functional circuit operates acceptably. 

Although specific embodiments have been illustrated and described herein, it 
will be appreciated by those of ordinary skill in the art that any arrangement which is 

25 calculated to achieve the same purpose may be substituted for the specific 
embodiment shown. This application is intended to cover any adaptations or 
variations of the present invention. For example, other circuits that produce an 
oscillating output may be substituted for the ring oscillator shown in Figure 3. 
Further, the type of integrated circuit 12 and the voltage being measured with circuit 



1 10 and 210 may be varied without departing from the spirit and scope of the present 
invention. 



